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We have recently reported that the combination of dry 

HC1 and w-chloroperbenzoic acid (MCPBA) in DMF serves 

as an effective reagent for the chlorination of phenols,1 pyri

midine, purine bases and their nucleosides,2 a-chlorination 

of ketones,3 and its oxidation of secondary alcohols.4 To our 

knowledge, there is no report on the application of MCPBA 

for lactonization of diols. In the present 옹tudy, we wish to 

oxidative lactonization of diols using HC1/MCPBA/DMF sys

tem.

The reaction of diols 1 with dry HC1-MCPBA in DMF

Table 1. Lactonization of Various Diols Using HC1/MCPBA in 

DMF5

Entry Diol Reaction time Product Yield (%)°

1
HO，、아旬 z八OH

0.5 h 87 (55/

2
a弟

0.5 h
8

0

88 (74Z

3
a爲

0.5 h

Cl
Cl^sjCL 65(58)

4 0.5 h 62 (55)

。•우 35 (30)

a Yields were determined by GC, and values in parentheses are 

isolated yield, "See reference 6.

at room temperature gave the corresponding lactones 2. m- 

Chlorobenzoic acid was easily removed by washing with 5% 

sodium bicarbonate solution.

R 
A I A 

HO (아切 2 OH
HC1-DMF

MCPBA, rt.
2

R= H, Phenyl

In a typical run, to a solution of 1,2-bis (hydroxymethyl)ben- 

zene (138 mg, 1.0 mmol) in 2.2 ml of 0.5 M HC1-DMF (1.1 

mmol HC1) was a ded MCPBA (447 mg, 2.2 mm이, 85% pu

rity) in one portion with good stirring at room temperature. 

The reaction mixture was allowed stirring at room tempera

ture until yellow color disappeared. The reaction mixture 

was diluted with 5% aqueous NaHCO3 solution and extracted 

with ether (3 X 200 m/). After removal of solvent in vacuo, 

the residue was purified by silica gel column chromatography 

(eluent: CH2C12) to give 99 mg (74%) of y-lactone (entry 2) 

as a white solid with low melting point. The lactones obtain

ed were identified by NMR, IR, and mass spectra and/or 

comparing GC chromatograms with those of authentic sam

ples. The representative results are summarized in Table

1.

The reaction of 1,4-butanediol with HC1-MCPBA in DMF 

afforded y-butyrolactone (entry 1) in good yield but the isola

ted yield was comparatively low because of the difficulties 

in is이ation. In case of symmetrical l,2-bis(hydroxymethyl) 

benzene (entry 2), the best result was obtained. On the other 

hand, unsymmetrical diol, 2-phenyl-l,4-butandiol (entry 4) 

afforded a mixture of p-phenylbutyrolactone (55%) and a- 

phenylbutyrolactone (30%). The ratio of p-phenylbutyrolac- 

tone increased to ca. 70% (determined by GC) by heating 

(70t) during the reaction. In case of 2-hydroxyphenethyl 

alcohol (entry 3), the benzene ring was chlorinated to give 

3t5-dichloro-2-hydroxyphenethyl alcohol as expected」The 

oxidation of alcohol by HC1-MCPBA in DMF seemed to be 

slower reaction than the chlorination to the aromatic ring. 

Diols which have a primary and a secondary hydroxy groups 

such as 2,5-pentandiol and l-phenyl-l,4-butandiol gave the 
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complicated results in GC analysis and we failed to isolate 

the desired lactones. We also examined aqueous HC1 in place 

of dry HC1 and monoperoxyphthalic acid magnesium salt 

(MMPP) instead of MCPBA in various solvents. The results 

were unsatisfactory.

In conclusion, we have found tha substituted 1,4-butandiols 

could be partially oxidized to lactones by enhancement of 

나le oxidizing ability of MCPBA with HC1 in DMF.
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The generation of specific enolates via Michael addition 

of nucleophiles to a,p-unsaturated ketones has proven to be 

an extremely useful process for functionalization of enones.1*5 

In this regard, we have recently reported that ylides derived 

from enones via phosphoniosilylation serve effectively as f- 

acyl vinyl anion equivalents to give 2,3-unsaturated-l,6-dicar- 

bonyl, p-hydroxyalkyl and 2,3-unsaturated 1,4-dicarbonyl co

mpounds in high yields.6 On the basis of these results, the 

possibility of p-sulfenylation of enones has been studied. Mo

reover, there are no general methods for the synthesis of 

p-sulfenylated a,p-unsaturated ketones, which is important 

in organic synthesis.7 Also, vinyl thioethers are common syn

thetic intermediates being useful not only as protecting 

groups but also as sources of other functional groups and 

substituents.8

Table 1. p-Sulfenylation of Enones

Enone RSX Product Isolated yi이d, %fl

PhS OPhSSPh 

마iSCl

23 (1: 1.2/

65 (1:1.2/

Based on enones, bcist trans ratio.

As shown in scheme 1, sulfenylation of enones at f-posi- 

tion was achieved by the reaction of ylides(2) with methyl 

disulfide, phenyl disulfide and benzenesulfenyl chloride fol

lowed by the elimination of triphenylphosphine with tetra- 

M-butylammonium fluoride (TBAF) to yield p-sulfenyl-a,p- 

unsaturated ketones in good yields. In case of acyclic enones, 

phenyl disulfide was used as an electrophile but gave poor 

results under the present conditions. Thus, the reaction of 

the ylide(2) derived from 4-hexen-3-one with phenyl disul

fide gave 5-benzenesulfenyl-4-hexen-3-one in* 23% yield, 

along with the predominant formation of several unidentified 

byproducts. However, the reaction of this Wittig reagent 

with benzenesulfenyl chloride instead of phenyl disulfide 

proceeded rapidly and much more cleanly, yielding 5-benze- 

nesulfenyl-4-hexen-3-one in 65% yield. Some experimental 

results are given in Table 1 and illustrate the efficiency and 

the applicability of the present method. Especially, it is note

worthy that these overall conversions can be accomplished 

by one-pot procedure from a.P-unsaturated ketones without 

any isolation of the intermediates. The nonpolar unstable 

intermediates were obtained in TLC after the addition of 

a disulfide or benzenesulfenyl chloride. Thus, P-sulfenylation 

of a,p-enones may proced via an intermediacy of 3. The se

paration and its structure determination are in progress.


